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STUDIES ON THE SULFHYDRYL CONTENT OF THE SKIN*t
E. J. VAN SCOTT, M.D.t, STEPHEN HOTHMAN, M.D., AND
CHARLES R. GREENE, S.M.
It has been shown by Rothman et al (1) that aqueous extracts of human epi-
dermis inhibit the tyrosinc-tyrosinase system in vitro, and that this inhibition
is due to the presence of sulfhydryl compounds in the extract. Further animal
studies by Flesch (2a, b) have shown that post-inflammatory pigmentation is
preceded by a decrease of the sulfhydryl content of the skin.
These findings led to the following hypothesis: In the melanoblasts of white
human skin the copper-protein enzyme tyrosinase is inhibited by attached sulf-
hydryl groups so that it is unable to act on the substrate tyrosine; only if this
inhibitory factor is eliminated can melanin be formed. Inflammatory stimuli
which lead to hyperpigmentation, such as ultraviolet light, X-rays, heat, and
inflammatory skin diseases act by oxidizing or otherwise destroying the inhibiting
—SH groups, whereupon the enzyme can freely act on the substrate.
The present work was carried out to test the validity of the foregoing concept
by analyzing the sulfhydryl content of normal, hyperpigmented and vitiliginous
skin.
METHOD
Human skin specimens were obtained as 5 mm. punch biopsies, weighing ap-
proximately 10 mgm. after the subcutaneous fat had been trimmed off. The
wet weight of the specimens was established by weighing on an analytical bal-
ance having an accuracy of mgm. If immediate work-up was not possible
the specimens were kept in the deep freeze until a later time. The specimens
were crushed in a piston-cylinder apparatus, then placed in a centrifuge tube
containing 2 cc. of distilled water and were repeatedly frozen and thawed in
between periods of vigorous shaking. Following 10 minutes of centrifugation at
2500 r.p.m. the clear supernatant fluid was decanted and the sulfhydryl content
was estimated by the ferricyauide method of Anson (3). The error of this method
in our hands, established on triplicate samples of skin obtained from autopsy,
has fallen within a 10 per cent range.
Skin of rabbits was obtained by surgical excision from symmetrical areas on
the sides of the back before and after administration of ACTH. The specimens
weighed from 200—400 mgms. and were treated in a fashion similar to that used
for human skin.
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SIJLFHYDRYL VALUES IN POSTINFLAMMATORY HYPERPIGMENTATION
Comparative analyses were carried out on two patients with pemphigus vul-
garis, a 56 year o)d white man and a 45 year old woman, following remissions
induced by three weeks of ACTH therapy. In 1)0th cases healed lesions were
deeply pigmented. The biopsies were taken simultaneously from the healed le-
sions and from adjacent, uninvolved, non-pigmented skin.
The values obtained from these two cases (Table I) showed the skin of the
hyperpigmented lesions to have a sulfhydryl content significantly lower than
that of the surrounding normal skin, the differences being 86 per cent and 46
per cent respectively.
TABLE I
Sulfhydryl values of normal and hyper-pigmented skin taken fro?n two patients with pemphigus
following ACTH induced remission
NORMAL HYPERPIGMENTEDSUBJECT RACE SEX SKSN SKIN
E.W. W M 90 12.5
L.K. W F 90 49.9
%
DECREASE
86
46
—SH is expressed as millimols X 10 per 100 gms. wet weight.
TABLE II
,Sulfhydryl values of normal and vitiliginous human skin (expressed as millimols X 10—2 of
—SH per 100 gms. wet weight)
SUBJECT RACE SEX NORMALSKIN
VITILIGO
SKIN
H W M 80 167
B W F 77 106
D W F 83 191
J W M 80 114
S C F 51 184
SULFHYDRYL CONTENT OF VITILIGINOUS SPOTS
To investigate the situation in depigmentation, analyses were carried out on
vitiliginous skin as compared with surrounding normal skin. Biopsies were taken
from completely depigmented lesions and simultaneously from adjacent normal
skin in five cases of vitiligo. Care was taken not to take the hyperpigmented
zone at the immediate periphery of the vitiliginous areas to assure that the con-
trol specimen was not hyperpigmented.
The results of these analyses (Table II) show that in all five cases the sulf-
hydryl content of the vitiliginous skin is significantly increased over that of the
surrounding normal skin. This increase varies from 38 per cent to 142 per cent
in the white subjects, and is 261 per cent in the one Negro subject.
%
INCREASE
108
38
142
42
261
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NORMAL 5IJLFHYDIIYL CONTENT OF THE ISOLATED EPIDERMIS
Early histochemical work on sulfhydryl compounds ill skin (4, 6) indicated
that the bulk of these compounds is located in the epidermis. By a technic of
stretching skin excessively it has been possible to obtain isolated strips of epi-
dermis and corium without any chemical change due to the separation (7).
Analyses of the sulfhydryl content of such strips were done in triplicate speci-
mens from two cadavers and on the skin of a fresh surgical specimen. The results
hear out the histochemical findings that —511 in the epidermis to the —SR in
the eorium were 6:1 and 10: 1 in the cadaver skin, and again 6:1 in the surgical
specimen. Absolute values on the epidermal content of sulfhydryl were not
reproducible, presumably due to the difficulty of keeping water loss constant
during the time of separating the epidermis from the corium. The values ranged
from 136 X 10—2 to 382 X 102 millimols of —SR per 100 grams of wet weight
epidermis.
TABLE III
,Sulfhydryl values of rabbit skin before and after two weeks ACTH treatment (values expressed
as mitlimols X 10—2 —SH per 100 grns. wet weight)
PEE-TREATMENT POST-TREATMENT
VALUE VALUE
10.54 10.25
8.10 9.11
SULFHYDRYL CONTENT OF THE SKIN OF RABBITS AFTER TREATMENT WITH
ADEENOCOETICOTROPIC HORMONE
Indirect evidence has been presented that ACTH decreases the concentration
of—SR in the skin of animals (8). Because of the more diffuse or even generalized
hyperpigmentation of normal skin following ACTH therapy, analysis of the
sulfhydryl content of the skin of two normal rabbits was done before and after
ACTH given in daily injections of 5 mgm. per kgm. of body weight for a period
of two weeks. Skin specimens were taken from one side of each animal before
administration of the drug and from the symmetrical area on the opposite side
of the animal after ACTH had been given for two weeks. No significant differ-
ence between the sulfhydryl content of the skin taken before ACTH and that
of the skin taken after ACTR was demonstrable (Table III).
COMMENT
The normal values of the skin of whites (Tables I and II) are seen to be in
relative close agreement, whereas the normal value of the Negro skin is far below
these values. The normal value of the colored skin, however, closely corresponds
to the value of the hyperpigmented skin of one of the cases of pemphigus listed
in Table I. Whether this value in one Negro subject is significant is questionable.
Flesch (2) could demonstrate no difference bet\Teen white and Negro skin in
their inhibitory effect on melanin formation.
RABBIT
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The conspicuous drop in the —SR content of hyperpigmented skin as it occurs
in healed lesions of pemphigus does not require special comment. It is in con-
formity with the results of animal experiments showing that post-inflammatory
pigmentation is connected with disappearance of —SR groups. It also supports
the assumption that pigmentation can occur only when —SR groups are elim-
inated.
The interpretation of the high —SR values iu vitiligo lesions is much more
difficult. This finding can be interpreted in at least two different ways. One
interpretation is that in vitiligo accumulation of —SR groups is the primary
event: if —SR accumulates beyond a certain concentration, melanin formation
is completely inhibited. Of course, with this interpretation one is left to explain
how and why —SR accumulates. Another interpretation, and perhaps more plaus-
ible, is that sulfhydryl accumulation is only secondary to complete cessation of
melanin formation. Sulfhydryl may be accumulated secondarily because no pig-
ment is being formed which would use up —SR groups. Greenstein et al (9)
have shown that sulfur-containing amino acids are in close proximity to the
melanin molecule. It is possible that when the melanin is formed and precipi-
tated, some of the oxidized —SR groups are incorporated into the precipitate.
SUMMARY
1. Ryperpigmented skin from healed lesions of pemphigus vulgaris, following
ACTR-induced remission, contains a significantly lower sulfhydryl content than
surrounding uninvolved skin.
2. The skin of vitiligo lesions contains a significantly higher sulfhydryl con-
tent than the surrounding uninvolved skin.
3. The sulfhydryl content of the skin of rabbits seems to be uninfluenced by
systemically administered ACTR.
4. The possible role of sulfhydryl groups in pigmentation is discussed.
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DISCUSSION
Dn. PETER FLESCH, Philadelphia: The theory that sulfhydryl Compounds are
the natural inhibitors of pigment formation has aroused a great deal of interest.
It has Come to the point that any increased pigmentation is attributed to de-
crease in the epidermal sulfhydryl content. However, we must keep in mind that
there need not be a causal relationship between the disappearance of the sulf-
hydryl groups and increased pigmentation. All the available evidence may be
interpreted to indicate that in the course of pigmentation certain melanin pre-
cursors are formed which secondarily react with free sulfhydryl compounds. In
other words, we have no direct evidence that sulfhydryl compounds interfere
with pigment formation in vivo.
Recently Dr. Baker reported the extraction of a substance from frog skin
which interfered with melanin formation in vitro. (AAAS meetings, Dec. 1951.)
This compound was heat-labile, dialyzable and interfered with pigment forma-
tion by competitive inhibition. She suggested that the inhibitory substance was
a derivative of tyrosine. Sulfhydryl compounds are dialyzable, but heat-stable
and do not inhibit pigmentation by competitive inhibition. In my own experi-
ments (Proc. Soc. Exp. Biol. Med., 70: 136, 1949), the inhibitory substance
extracted from rabbit skin was not fully heat-stable either. It is imperative that
we keep in mind that we are dealing with a theory and not with established facts
and that no definite interpretations may be made at the present time.
S. WILLIAM BECKER, Chicago: Sulfhydryl compounds have had a checkered
career participating in various theories of melanogenesis. Changing methods may
have been partially responsible. A method which is considered good today may
be inadequate tomorrow.
Percival and Stewart, in 1930, studied the nitroprusside reaction for —Sil
groups. The intensity was the same in non-irradiated skin and that irradiated
with ultraviolet radiant energy. It was no more pronounced in pigmented por-
tions of nevi than in non-pigmented areas. They concluded that their results did
not support the idea of a relationship between —SR groups and pigment func-
tion of the skin. They could not demonstrate glutathione in the skin and could
not extract the —SR containing substance with water. They thought that the
—SR groups were fixed, similar to those found in muscle.
In the study just presented, the —SR groups were extracted with water.
Could it be that the crushing, followed by repeated freezing and thawing could
have released bound groups?
Ropshaw, in 1933, on the basis of nitroprusside and other reactions, suggested
that melanin is formed from cystein and protamine. In our laboratory, we
obtained a positive nitroprusside reaction in vitiligo, where there was no pig-
ment activity, and could not obtain it in a blue nevus, where there was, hence,
we concluded that the assumption might not be correct.
Buffa thought that the nitroprusside reaction was caused by cystein; Kaye
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evidently thought it was due to glutathione. Figge showed that melanin forma-
tion is completely inhibited in vitro by glutathione.
Fitzpatrick tried to remove alleged sulfhydryl inhibition by sulfhydryl in-
hibitors, but was unable to do so.
Have the presenters tested the hyperpigmented border of a vitiliginous patch
and the immediately adjacent depigmented area, regions close enough together
to be similar in other respects?
DR. MYRON H. KULWIN, Champaign, Iii.: The figures presented in this study
are very interesting in view of the fact that radiobiologie effects are probably
mediated through changes in the sulfhydryl groups, partially if not completely.
I would like to ask the essayist if he has had occasion to determine sulfhydryl
content in a specimen of roentgen-irradiated skin prior to the onset of postirradia-
tion pigmentation?
DR. THEODORE CORNBLEET, Chicago, Ill.: Dr. Slepyan and I were unable to
protect the irradiated human skin by using cysteine, nor was there any change
in pigmentation with or without that amino acid.
It is somewhat surprising that after the use of cortisone, no change appeared
in sulfhydryl content of the skin, because that steroid does reduce the —SH
blood content. This would tend to show that these radicles are well fixed in the
skin and do not depend on quick repletion from the humors. We previously found
that vitamin C concentration parallels the presence of pigment, whereas it seems
in the present work there is a disparity between these two elements. The turn-
over of pigment must be rapid; otherwise why should the sulfhydryl content
remain high after the pigment was found? This must mean that pigment forma-
tion continues to go on. Labeled starters should help decide this. Similarly, not
so long ago calcium was found to have a surprisingly rapid turnover in blood.
Referring again to ascorbic acid, Sealock and Goodland found that vitamin to
he a necessary co-enzyme in the metabolic oxidation of the amino acid tyrosine.
It would seem desirable that future studies on pigment take account of this.
DR. STEPHEN ROTHMAN. Chicago, Ill.: Dr. Becker states that the nitroprusside
reaction for sulfhydryl groups is absent in pigmented nevi but present in vitiligo.
This perfectly fits our findings and concept on the role of sulfhydryl groups in
pigmentation. Like Fitzpatrick and associates, we also were unable to demon-
strate melanin formation histologically by treating sections with sulfhydryl-
poisons. These negative results may have several explanations. There might be
additional inhibitors. Or, the position of the sulfhydryl groups in the mitochon-
dna, where they are attached to the copper-protein enzyme, might be such that
they cannot he attacked by the poison.
Concerning the nature of the sulfhydryl groups in question we only can say
that they are water-extractable, and, therefore, they are probably parts of small
molecules.
In the vitiligo-experiments we were very careful not to use hyper-pigmented
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zones as controls. It might be stated that the finding of high —fill content in
vitiliginous spots, since the demonstration of the negative dopa reaction, repre-
sents the first definite biochemical difference established between vitiliginous
and normally pigmented skin.
Of course, we have not directly proved that disappearance of sulfhydryl groups
is the cause of melanin formation in post-inflammatory hyperpigmentation.
However, they parallel each other perfectly and it is hard to imagine that they
are not connected phenomena.
Dn. EUGENE J. VANSCOTT, Chicago, Illinois: I agree with Dr. Flescb and feel
that there must be some factor operating other than snlfhydryl. I expect that
many of the differences of sulfhydryl content which one might find in tissues
are reflections of the fundamental role of sulfhydryl, that of regulator of oxida-
tion-reduction reactions.
